Abstract: Many patients with chronic obstructive pulmonary disease (COPD) receive inhaled corticosteroids (ICSs) without a clear indication, and thus, the impact of ICS withdrawal on disease control is of great interest. DACCORD is a prospective, noninterventional 2-year study in the primary and secondary care throughout Germany. A subgroup of patients were taking ICS prior to entry -1,022 patients continued to receive ICS for 2 years; physicians withdrew ICS on entry in 236 patients. Data from these two subgroups were analyzed to evaluate the impact of ICS withdrawal. Patients aged 40 years with COPD, initiating or changing COPD maintenance medication were recruited, excluding patients with asthma. Demographic and disease characteristics, prescribed COPD medication, COPD Assessment Test, exacerbations, and lung function were recorded. There were few differences in baseline characteristics; ICS withdrawn patients had shorter disease duration and better lung function, with 74.2% of ICS withdrawn patients not exacerbating, compared with 70.7% ICS-continued patients. During Year 1, exacerbation rates were 0.414 in the withdrawn group and 0.433 in the continued group. COPD Assessment Test total score improved from baseline in both groups. These data suggest that ICS withdrawal is possible with no increased risk of exacerbations in patients with COPD managed in the primary and secondary care.
Introduction
The use of inhaled corticosteroids (ICSs) in chronic obstructive pulmonary disease (COPD) should be limited to patients with more severe disease, particularly those with a history of frequent exacerbations -and even then, only together with a bronchodilator (typically a long-acting β 2 -agonist [LABA]). [1] [2] [3] Despite this, a large proportion of patients receive ICS without a clear indication. [4] [5] [6] This is of concern, since although the use of ICS can bring benefits, they increase the risk of adverse events, such as oral thrush, hoarseness, and pneumonia. 7 Moreover, recent studies have suggested that combined treatment with a LABA and a long-acting muscarinic antagonist (LAMA) is at least as effective as an ICS/LABA combination 8 and can provide a greater reduction in exacerbations in high-risk patients, 9 further questioning the role of ICS in the general management of COPD.
For the substantial proportion of COPD patients already receiving ICS without a clear indication, that is, "off label", it would be useful to know whether ICS can be withdrawn without affecting disease stability. A number of interventional clinical trials have suggested that in appropriately selected patients (ie, without a history of exacerbations), ICS can be withdrawn without placing the patient at increased risk of exacerbation, including the 26-week INSTEAD study. 10 Similarly, in the "real-life"
OPTIMO study, over a 6-month follow-up, withdrawal of ICS was not associated with any deterioration in lung function, symptoms, or exacerbation rate in a selected group of patients. 11 The 12-month WISDOM study recruited patients at high risk of exacerbation (with severe or very severe airflow limitation and a history of at least one exacerbation in the past 12 months). 12 After a run-in period during which all patients received ICS/LABA/LAMA therapy, patients were randomized to either continue ICS/LABA/LAMA or have the ICS gradually withdrawn. Although there was a greater fall in lung function in the ICS withdrawn arm, there was no difference between groups in COPD exacerbation rate. However, all of these studies had a protocol-mandated ICSwithdrawal (even OPTIMO, because although the decision on ICS withdrawal was left to the investigator, patients were recruited into one of two arms, and the stated aim of the study was to assess the impact of ICS withdrawal) and recruited selected populations. DACCORD, or Die ambulante Versorgung mit langwirksamen Bronchodilatatoren: COPD-Register in Deutschland (English translation: Outpatient Care with Long-Acting Bronchodilators: COPD Registry in Germany), is a longitudinal, prospective noninterventional study of 2 years of duration, involving ~6,000 patients with COPD from 349 primary and secondary care practices distributed throughout Germany. The overall aim of the study is to generate data on the course of COPD under typical treatment conditions in the community. A subgroup of patients in DACCORD were taking ICS prior to entry, some of whom continued to receive ICS for the 2-year duration of follow-up, whereas in others, the treating physician decided to withdraw ICS on entry to the study (even though this was not a requirement of the protocol). This permitted an evaluation of the long-term effects of withdrawal of ICS in a "real-life" setting with a more prolonged follow-up than previous studies.
Methods

Study design
Full details of the methods have been previously published, 13 along with baseline 14 and 1-year follow-up data. 15 Specific visits are not mandated by the protocol, but, consistent with usual care in Germany, it was anticipated that data would be recorded approximately every 3 months. At the baseline visit, data collected in electronic case report forms included the following: demographic and disease characteristics, prescribed COPD medication, COPD Assessment Test (CAT), exacerbations in the 6 months prior to entry (defined based on the prescription of oral steroids and/or antibiotics or hospitalization), and forced expiratory volume in 1 second (FEV 1 ). Data on exacerbations and prescribed COPD medication were then collected every 3 months, with CAT and FEV 1 data recorded at annual visits.
Participants
The main inclusion criteria were a diagnosis of COPD fulfilling the German COPD Disease Management Program criteria (one of which is that COPD is confirmed by spirometry testing), age 40 years, and initiating or changing COPD maintenance medication. Given the noninterventional nature of the study, the decision to initiate or change medication was made by the patients' physician prior to inclusion in DACCORD. To recruit as broad a population as possible, patients were excluded only if they were in the asthma Disease Management Program or if they were participating in a randomized clinical trial. The study is registered in the European Network of Centers for Pharmacoepidemiology and Pharmacovigilance (EUPAS4207; http://www.encepp. eu/encepp/viewResource.htm?id=6316) and was approved by the ethics committee of the University of Erlangen, Nuremberg, Germany. All patients provided written informed consent prior to inclusion.
Objectives
The main objective of the study was the documentation and description of the care of patients with COPD in Germany. For the analyses reported in this manuscript, the aims were to understand the characteristics of patients most likely to have ICS withdrawn and the consequences (in terms of exacerbations and health status) of ICS withdrawal.
Statistical methods
This subgroup analysis was not formally powered. It included all patients who were receiving ICS prior to entering the study, and who either continued to receive ICS for the duration of the 2-year follow-up or had ICS withdrawn on entry to the study (by the treating physician) and did not recommence ICS for the duration of the full 2-year follow-up. Exacerbation rates were estimated using a negative binomial regression model with annualized numbers of exacerbation as dependent variable and no independent variable. For CAT total score, absolute changes from baseline are presented, together with the proportion of patients with clinically relevant (ie, 2 units) changes from baseline -either improvement or worsening. The main analyses were performed on the per-protocol population, which includes all patients in the recruited population who attended the 1-and 2-year visits, and at least two of the 
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"real-life" inhaled corticosteroid withdrawal in COPD three intermediate visits each year, and who had no relevant deviations from the observational plan.
Results
Participants
These analyses are based on data from 1,258 patients ( Figure 1 ). Of these, 236 patients had ICS withdrawn by their physicians prior to entering DACCORD and did not receive ICS for the remainder of the study, whereas 1,022 patients continued to receive an ICS for the full 2-year follow-up. A further 107 patients had ICS withdrawn on entry to the study, but then reinitiated ICS during the 2-year follow-up, 92 (86.0%) of whom had commenced ICS by the 1-year visit. To permit strong conclusions to be drawn on these data, patients who received ICS for a full 2 years need to be contrasted with those who did not receive ICS during this period; these "ICS reinitiator" patients are not included in the analyses described here.
There were few differences in baseline characteristics between the two groups, although those recorded in the database as never smokers were slightly more likely to have ICS withdrawn (Table 1 ). In terms of disease characteristics, patients with ICS withdrawn had a shorter disease duration, and better lung function, but there were no clinically relevant differences in terms of baseline symptoms or health status. The proportion of patients with at least one exacerbation in the 6-month baseline period was slightly higher in the ICScontinued group than in the ICS-withdrawn group, but the difference was small and not statistically significant (Table 1) .
Outcomes exacerbations
A similar annualized exacerbation rate was observed in the two groups in Year 1, but there was a lower rate in the ICSwithdrawn group than in the ICS-continued group in Year 2 ( Figure 2 ). This was consistent with the percentage of patients with exacerbations, in that the pattern of exacerbations was very similar in the two groups in Year 1, whereas in Year 2, there was a higher proportion of nonexacerbators in the ICSwithdrawn group (Figure 3 ).
COPD assessment Test
In the ICS-withdrawn group, there was an improvement from baseline (ie, a decrease) of .2 points in CAT total score at both Year 1 and Year 2; at both time points, the percentage of patients reporting a clinically relevant improvement was .50% (Table 2 ). In contrast, although there was an improvement in the total score in the group of patients who continued to take ICS, this improvement was ,2 units at both visits, and nearly a quarter of patients reported a worsening in CAT total score.
In addition, the proportion of patients were analyzed who had a clinically relevant improvement from baseline at both 
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Vogelmeier et al visits ("sustained improvement"), or a clinically relevant worsening from baseline at both visits ("sustained worsening"). In the ICS-withdrawn group, 116 patients (49.2%) had a sustained improvement and 17 (7.2%) had a sustained worsening. In the ICS-continued group, 345 (33.8%) patients had a sustained improvement and 159 (15.6%) had a sustained worsening. The exacerbation rate was lowest in the patients who had ICS withdrawn and who had a sustained improvement in CAT score (Figure 4 ). In the ICS-continued group, the rate was lowest in the patients with a sustained improvement in CAT.
COPD maintenance medication use
Prior to entering DACCORD, the majority of patients in the ICS-withdrawn group were receiving ICS plus LABA or LAMA ( Figure 5 ) -most commonly ICS plus LABA (Table 1 ). In contrast, the ICS-continued group was more likely 
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"real-life" inhaled corticosteroid withdrawal in COPD to be receiving triple inhaled therapy (ICS/LABA/LAMA), with much higher use of theophylline or PDE-4 inhibitors.
At baseline, the majority of patients in the ICS-withdrawn group were receiving LAMA or LABA monotherapy (mainly LAMA); there was limited change over the 2-year follow-up, although the use of combined LABA plus LAMA increased. In contrast, the majority of patients who continued ICS received a triple inhaled therapy regimen throughout the study.
Discussion
There were few differences between groups in terms of baseline demographics or disease characteristics to explain the decision to withdraw ICS. In particular, the two groups had a similar exacerbation history, with a similar (low) percentage of patients having experienced two or more exacerbations in the 6 months prior to entry. The ICS-withdrawn group contained a higher proportion of patients who had been diagnosed for less than a year, and a higher proportion of patients with more preserved lung function (FEV 1 80% predicted). However, the biggest difference was in the prior medication: patients were more likely to have ICS withdrawn if they were receiving a single bronchodilator (and generally LABA plus ICS); those on triple ICS/LABA/LAMA therapy were twice as likely to continue to receive ICS. These data suggest (perhaps unsurprisingly) that physicians are more comfortable to withdraw ICS in a population with less severe, less established disease; if the regimen is more established, therapy is more likely to be escalated. What is unexpected is that the level of symptoms and the exacerbation history did not appear to influence this decision.
Following the withdrawal of ICS, the 2-year follow-up data suggest that this group of patients was not at increased risk of exacerbating and was not at increased risk of deterioration in health status. The majority of patients in this arm were receiving ICS plus LABA prior to the study and were 
Figure 4
Mean (95% confidence limit) annualized exacerbation rate during Years 1 and 2 in patients with a sustained improvement or a sustained worsening in CAT total score. Notes: Too few patients in the ICS-withdrawn group had a sustained worsening in CAT for the rate to be calculated reliably. Sustained improvement is defined as at least a 2-unit improvement (ie, decrease) from baseline at both Years 1 and 2; sustained worsening is at least a 2-unit worsening at both visits. Abbreviations: CaT, COPD assessment test; ICS, inhaled corticosteroid.
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Vogelmeier et al Figure 5 Chronic obstructive pulmonary disease maintenance medication use, prior to entering DaCCOrD, and at the baseline and 1-and 2-year visits. Abbreviations: ICS, inhaled corticosteroid; laBa, long-acting β 2 -agonist; laMa, long-acting muscarinic antagonist; PDe4, phosphodiesterase-4 inhibitor.
then switched to LAMA monotherapy -so did not have an increase in the number of bronchodilators received. In contrast, most patients in the ICS-continued group either were receiving triple ICS/LABA/LAMA therapy prior to the study or had treatment escalated from ICS plus LABA or LAMA to triple therapy (perhaps because the mean time since diagnosis was longer in this group). Because LAMA monotherapy has been shown to be as effective as ICS/LABA in terms of the reduction in exacerbations, 16 this could explain why there was no increase in the percentage of patients exacerbating following ICS withdrawal.
The progressive nature of COPD makes looking at changes over time important -especially for end points that evaluate the overall impact of the disease on patients, such as CAT. The overall CAT scores tended to be better in the ICS-withdrawn group -not only at Year 1 but also at Year 2. Furthermore, nearly 50% of patients in the ICS-withdrawn group had a clinically relevant improvement from baseline at both Year 1 and Year 2. The importance of these findings is that few patients in the ICS-withdrawn arm had a clinically relevant decrease in health status, so addressing one of the other concerns over ICS withdrawal. Furthermore, in the ICS-continued group, the exacerbation rate appeared to correlate with CAT total score because it was lower in patients with a sustained improvement in CAT than in those with a sustained worsening. This is consistent with a previous analysis -although using mean CAT total score. 17 Because the current analysis was based on the percentage of patients with a clinically relevant change from baseline, this suggests that CAT may be useful as a surrogate predictor of future exacerbation risk at individual patient level, not just using group means.
Studies, such as TORCH, have clearly demonstrated the benefits of ICS in the management of COPD -in terms of not only exacerbations but also health status and lung function, especially in patients with FEV 1 ,50% predicted. 18, 19 However, the safety profile of ICS (in particular pneumonia events) means that the risk-benefit profile of ICSs has to be considered before they are initiated. 1, 20 The introduction of a number of once-daily LAMA/LABA combinations, together with data from studies, such as FLAME, suggesting that these LAMA/LABA combinations are at least as effective as ICS/ LABAs, has potentially narrowed the patient population that have a clear benefit from ICSs, 8, 9 thus altering the risk-benefit balance. Although these data are useful when initiating treatment, for patients already on ICS physicians face the decision of whether ICS can be withdrawn without placing their patient at risk. Lack of clear data, together with a fear that the removal of ICS could trigger exacerbations, has resulted in a gradual "drift" to triple ICS/LABA/LAMA therapy. [4] [5] [6] A number of interventional trials have evaluated ICS withdrawal in COPD, three of the earliest of which were included in a meta-analysis conducted by Nadeem et al. 21 Although these studies recruited 
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"real-life" inhaled corticosteroid withdrawal in COPD patients at high risk of COPD exacerbations, there was no increased risk of exacerbation in the ICS-withdrawal arms of these studies (relative risk: 1.11, 95% confidence interval: 0.84-1.46). In the more recent WISDOM study, which also recruited patients at high risk of exacerbations (based on airflow limitation), the annualized rate of exacerbations was no different in the two groups, with rates of 0.95 in the ICS-withdrawn arm and 0.91 in the ICS-continued arm. 12 In INSTEAD, which recruited patients at low risk of exacerbations who had been taking ICS/LABA for at least 3 months prior to entry, the rates were 0.67 in the ICS-continued group and 0.57 in the mono-LABA group -again with no difference between arms (although a numerically lower rate in the mono-LABA group). 10 Finally, the "real-life" OPTIMO study also recruited patients at low risk of exacerbations, following them for 6 months -with no difference in exacerbation rates (0.34 and 0.37 exacerbations per patient per 6 months). 11 The results of DACCORD are consistent with these previous studies, in that the rates of exacerbations in the two arms during the first year were similar (although the rates in DACCORD were lower in both arms than in these prior studies). However, DACCORD followed the patients for a much longer duration, thus providing additional reassurance beyond the limited follow-up period of these previous studies.
As this was a "real-life" study, and these data are from a subgroup analysis, there are of course a number of caveats over the interpretation of the results. 1) Most importantly, the reason for ICS withdrawal (or continuation) was not captured. 2) In common with most such studies, neither the reason for the initial ICS prescription nor the duration of ICS use was recorded. 3) There is a potential for selection bias because the population included in this analysis had a low rate of exacerbations (the vast majority of patients did not exacerbate in the 6 months prior to entry), and thus were potentially not indicated ICS. However, this subset of patients is similar to the overall DACCORD population, in which 31.2% of patients classified as Global Initiative for Chronic Obstructive Lung Disease (GOLD) A and 34.3% as GOLD B (ie, at low risk of exacerbations, and therefore not indicated ICS) were receiving an ICS-containing regimen at baseline.
14 This is also consistent with a number of database studies. For example, in an analysis of US data, only 27.1% of patients with COPD who had newly initiated ICS/LABA treatment had an exacerbation history. 4 Furthermore, in a UK analysis, more than half of the patients receiving ICS/ LABA were classified as GOLD A or B, as were more than a third of patients receiving ICS/LABA/LAMA. 6 In another analysis of UK data, 21% of patients in GOLD A and 30% in GOLD B were receiving ICS/LABA/LAMA, 5 highlighting the need for information on the effects of ICS withdrawal. DACCORD, by recruiting a representative, "real-life" population, can help to address this need.
In conclusion, these data add to those from recent interventional, randomized clinical trials, in suggesting that ICS withdrawal is possible with no increased risk of exacerbations in patients with COPD who are being managed in standard primary and secondary care settings -especially if they are not currently exacerbating.
